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Epidemiological evidence suggests that childhood acute lymphoblastic leukaemia (ALL) may be initiated by an in infection in utero.
Adenovirus DNA was detected in 13 of 49 neonatal blood spots from ALL patients but only in 3 of 47 controls (P¼0.012)
suggesting a correlation between prenatal adenovirus infection and the development of ALL
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Acute lymphoblastic leukaemia (ALL) is the most common
malignancy in children (Greenlee et al, 2000). Recent studies have
shed light on the natural history of this disease. Identification of
leukaemia-associated translocations in neonatal blood spots
(Guthrie cards) of children who will develop leukaemia years later
indicates that the initiating event(s) of ALL usually occur before
birth (Gale et al, 1997; Wiemels et al, 1999). Epidemiologic studies
(Kinlen, 1988; Kinlen and Doll, 2004) suggest that at least one step
in the process of ALL development involves an infectious agent
(reviewed in Greaves, 2006). The hallmark genetic mutations,
notably translocations, of childhood ALL arise when repair of DNA
breaks is faulty or inhibited. Infection with some DNA viruses,
notably herpesviruses and adenoviruses, interferes with cellular
DNA repair mechanisms (Weitzman and Ornelles, 2005; Wilkinson
and Weller, 2006) and could lead to these characteristic genetic
changes. To determine whether a prenatal virus infection could
lead to the development of pre-leukaemic cells containing
characteristic translocations, a correlation is sought between
detection of viral DNA in Guthrie cards and the eventual
development of leukaemia. This approach showed no association
between infection with polyoma viruses (Priftakis et al, 2003),
herpesviruses (Bogdanovic et al, 2004; Gustafsson et al, 2006), or
parvovirus B19 (Isa et al, 2004) and childhood ALL.
The common, endemic species C adenoviruses (serotypes 1, 2, 5,
and 6) normally cause respiratory tract infections in young
children (Brandt et al, 1969; Avila et al, 1989) and persistent
infection of lymphoid tissues (Garnett et al, 2002). We investigated
whether adenovirus infections could be correlated with ALL by
studying Guthrie cards from children who later developed ALL and
healthy controls.
MATERIALS AND METHODS
Guthrie cards
Neonatal capillary blood spots from newborn Swedish infants were
used for this study. These blood spots were collected at 3–5 days of
age. Four droplets of capillary blood were taken and blotted onto
filter paper (Guthrie card). One blood spot contains about 3 10
4
nucleated cells. Guthrie cards were stored at 41C.
Patients
Guthrie cards were identified from 49 children born between 1977
and 1998, who were diagnosed with ALL between 1980 and 2001
(Table 2). As a control group Guthrie cards from 47 healthy
children, matched for birth date and birthplace, were analysed,
using the Swedish Medical Birth Register to identify these children.
Written informed consent was obtained from all patients, controls
and parents. The local ethics committee of the Karolinska
Institutet at the Karolinska University Hospital approved the
study protocol.
DNA extraction from Guthrie cards
Three uniform discs, 3mm in diameter, were punched from one of
the four blood spots from the stored material and the DNA
extracted as previously described with minor modifications (Barbi
et al, 1996).
PCR assays
Two different nested PCR assays were used in this study
(nucleotides 18838–19205 and 20721–21572 of the Ad2 sequence
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y(RefSeq AC000007)). Both assays amplified DNA from all species C
serotypes, but not from members of other adenovirus species (A,
B, D, E, and F). In some cases, samples were also tested with a
quantitative real-time PCR assay (Garnett et al, 2002). As a control,
PCR with a set of HLA-DQ alpha primers was performed as
described (Saiki et al, 1986).
Statistical analysis
Categorical parameters were evaluated using the Fisher exact test
and the Cochran–Mantel–Haenszel test. Logistic regression was
used to determine if the clinical outcomes were jointly associated
with patient characteristics and adenovirus DNA.
RESULTS
DNA extracted from Guthrie cards from 49 ALL patients and from
47 normal controls was analysed for the presence of species C
adenovirus DNA. Individual samples were assayed on at least three
separate occasions using two different PCR assays. Thirteen of the
ALL samples and three of the control samples contained
amplifiable adenovirus DNA (Table 1). These results show a
significant association (P¼0.012) between species C adenovirus
DNA and leukaemia. The odds ratio shows a 5.2-fold (95% CI:1.3–
31) greater likelihood of detecting species C adenovirus DNA in
the neonatal blood of a child that subsequently develops ALL than
in the neonatal blood of a child that does not develop ALL.
Adenovirus DNA levels in positive patient samples were
quantified by real-time PCR, which is slightly less sensitive than
the nested assays. Five of the 13 ALL samples and none of the three
adenovirus DNA-positive control samples contained detectable
DNA by real-time PCR (data not shown). The range of DNA copies
in these assays was from 1 to 30 with a median of 2.3 copies.
Contingency tables and logistic regression were used to
determine if the detection of adenovirus DNA was associated with
any patient characteristics or clinical outcomes summarised in
Table 2. A non-random (P¼0.032) distribution of adenovirus
DNA among risk groups was observed. However, the very limited
number of adenovirus-positive samples analysed here requires
further investigation to determine if this distribution is indeed
non-random and if the exclusion of adenovirus DNA from the
Guthrie cards of patients in the intermediate-risk group is
significant. No other relationship (P40.5) was found between
adenovirus DNA in the neonatal blood spot and the remaining
characteristics identified in Table 2.
DISCUSSION
For species C adenovirus to contribute to the earliest steps in
development of childhood leukaemia, this virus must infect the
fetus at least as frequently as the incidence of neonatal pre-
leukaemic clones in the population, estimated at 1–5% (Mori et al,
2002). In addition to being a likely fetal pathogen (Towbin et al,
1994; Van den Veyver et al, 1998; Oyer et al, 2000; Baschat et al,
2003; Reddy et al, 2005), adenovirus DNA is also detected in the
amniotic fluid from apparently normal pregnancies. Of 1187
unique samples in four large studies, 64 (5.4%) contained
adenoviral DNA (Van den Veyver et al, 1998; Wenstrom et al,
1998; Baschat et al, 2003; Reddy et al, 2005), which compares
favourably with 6% adenovirus DNA-positive samples among the
normal controls in the present study (Table 1). And, as is the case
with children infected post-natally, adenoviral DNA is retained in
latently infected T lymphocytes for years following primary
infection (Garnett et al, 2002). Thus, the finding of species C
adenovirus in neonatal blood spots is evidence of prenatal
infection, as is the case for other prenatal viral infections (Barbi
et al, 1996; Johansson et al, 1997; Fischler et al, 1999).
Adenovirus DNA sequences have not been detected in cell
lines derived from childhood ALL (LR Gooding, unpublished),
and, indeed, MacKenzie et al (2006) recently reported that
no potential ‘exogenous’ DNA could be detected in leukaemia
cells by representational difference analysis, indicating that
no DNA virus was present in the cells. Gene products of
adenovirus can transform cells in culture by a hit-and-run
mechanism that leaves no viral DNA in the transformed cells
(Nevels et al, 2001). Because species C adenoviruses profoundly
block double-stranded DNA-break repair (Weitzman and Ornelles,
2005), it is conceivable that infection with species C adenovirus
could lead to the acquisition of genomic mutations common to
childhood ALL.
The finding of a significantly elevated frequency of species C
adenovirus DNA in Guthrie cards of children who later developed
ALL suggests a potential role for adenovirus at an early stage
in the development of this disease. Further research is necessary
to determine if this species has a causative role in this
disease.
Table 1 Adenovirus DNA detected in Guthrie cards of ALL patients and
controls
Disease status
Adenovirus DNA status
Positive Negative
% Adenovirus
DNA-positive
ALL 13 36 27
Normal 3 44 6
ALL¼acute lymphoblastic leukaemia.
Table 2 Patient characteristics
Characteristic No. Adenovirus DNA
Diagnosis
Pre-B ALL 44 11
B ALL 1 0
T ALL 4 2
Sex
Female 25 6
Male 24 7
Risk group
Standard risk 20 8
Intermediate risk 12 0
High risk 17 5
Karyotype
Hyperdiploid 23 7
t(9;22)(q34;q11) 3 1
t(10;11)(?;q23) 1 0
t(12;21)(p12;q21) 1 0
t(1;19)(q23;p13) 1 0
t(Y;15)(p11.23;q11.2) 1 1
inv(17q) 1 1
add(1), add(7) 1 0
add(6)(q27) 1 0
No abnormality detected 10 3
Inconclusive 17 6
Outcome
Disease-free 45 years 32 10
Stem cell transplantation 23 8
Deceased 7 2
ALL¼acute lymphoblastic leukaemia.
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